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Abstract: To investigate the fatigue performance of Q420qENH welded joints after corrosion, electrolytic accel-
erated corrosion tests and fatigue experiments were conducted on specimens, combined with numerical simula-
tion. A thermal-mechanical coupled finite element model was established to simulate the welding process. The fa-
tigue life of corroded welded joints was predicted using ABAQUS and FE-SAFE by introducing residual stress
fields and stress concentration factors. The results show that all specimens fractured at the corrosion pits in the
middle of the weld toe. Residual stress presents tensile stress, and the fatigue life of specimens decreases signifi-
cantly with the increase of fatigue stress amplitude and corrosion time. The relative errors between test and simu-
lation results are within 15%. The S-N curves with a 95% survival rate were fitted to the fatigue data obtained

from experiments and simulations, when the cycle count reaches 2 million, the maximum error between tests
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and sumulations is merely 4.31%, indicating small errors and good prediction accuracy. It is recommended to ad-

just the fatigue allowable stress amplitude category of butt joints for railway non-painted Q420qENH weathering

steel to category VIl in bridge design.
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Tab.1 Composition of Q420gENH and welding consumables (mass fraction) %
FHREE R Mn Cr Ni Cu Alb Si C P S
H}#F (Q420qENH ) 1.36 0.40~0.70  0.3~0.4  0.25~0.50  0.033 0.25 0.06 0.01 0.002
JEH (SC-81W) 0.50~1.30 0.45~047 0.3~0.8 0.30~0.75 1.800 0.20~0.80 0.12 0.03 0.030
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Fig. 1 Detailed dimensions of the specimen (Unit: mm)
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Tab.2 Corrosion amount and corrosion rate
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W/ Jlg A% J/um (pm/h)
4 9.94 1.918 51.62 18.28
8 24.24 4.693 125.94 17.98
14 38.45 7.420 199.75 16.02
TAEBLSEEE A 40 mm, JEEFEE A 10 mm, AR50 %

%aﬁf’ﬂﬂﬁﬁﬁé& IRIRAT R E N 15 Hz, B ST He N

o WEN S BT 5 55 IR R Ak 1
é’lﬁﬁﬁ‘ﬂ%ﬁi@]6mm\ﬁﬁﬂfkﬂijiﬁﬂﬁjj 1
15% 5% 98¢ 57 J& 1 B0 12 2 000 000 YA 45 1138056
98 95 TR 2L 12 AN, 43 34, 419 55 N T,
HIRSHNE 3 .

x3 EFRESHIEE
Tab.3 Fatigue test parameter setting
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4 252 112 11.2 61.6 504
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Fig. 3 Macroscopic morphology of
specimen fatigue fracture
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Tab.4 Experimental fatigue life results
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Fig. 4 Finite element model (Unit: mm)
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Tab.S Material performance parameters

TRE/C LA/ (T(kg - K) ) BUEIKAREY( x 107 K) Ji IR5RE/ MPa  sitpAiE/( x 10° MPa ) S EEY (W/(m - K) )

20 439.80 0 470.0 206.000 53.33
100 487.62 1.248 470.0 206.000 50.67
200 529.76 1.288 470.0 185.400 47.34
300 564.74 1.328 470.0 164.800 44.01
400 605.88 1.368 470.0 144.200 40.68
500 666.50 1.408 366.6 123.600 37.35
600 759.92 1.448 220.9 63.860 34.02
700 1 008.15 1.488 108.1 26.780 30.69
800 803.26 1.410 51.7 18.540 27.36
900 650.44 1.340 28.2 13.910 27.30
1000 650.00 1.408 18.8 9.270 27.30
1100 650.00 1.462 9.4 4.635 27.30

S Sk

Fig. 5 Double ellipsoid heat source model "’
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Tab.6 Shape parameters of the double

ellipsoid heat source model

B#  bmm ¢mm a/mm a/mm Fl I
H1)ZE 5.0 7 5 10 0.6667 1.3333
22 5.6 7 5 10 0.6667 1.3333
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Fig. 6 Temperature field clouds at different time nodes
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Fig. 7 Thermal cycle curves of weld nodes
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Fig. 8 Contour plots of transverse and longitudinal residual stresses

SERL SRR FR ARV T AT A 23 40 5 24 s i AR A
PR e A R , NI BRI R 25 (%) 9
FFFAT o FRARI IR 55 FLEUAE FH 5 b 2 (R B B
BB TS A X DL e b ARt
FREESE I, TE SR N 13 200 s )5, iR B
TCBREEE T 20 °C, BEET A FREER 4 B T 2KV 46 Pir
77 A B R AR RN R 45 1) 5% 2 7 3 A R R o
W 8 iz, Hivh S11 5 S22 4331l 7 A 18] F 2 14
BRI T, 45 07 n] B 5R AR I 4 rh A3 A TR R e
A X, 0] LU 9N a) 54 R 7 76 o Bk AR
2 Kb 34 2 I MY v ) A2 B9 157 T A A O, B R
N F13K 5] 573.9 MPa, fix KW 13K %) 549.6 MPa,
A ) B 4% 7 ) A RSl e A2 i) [X 35, 32 B e 9L
FERL T, FE R4 Ah BRI RN 1 o 79 57 1K
Lol AN R = Bt e N D) =5 S AR
] % I kg v (] 32 3 WD A2 1, R B9 9 5 DR
SLR XA T 5 A 1 e BRI T1 BT A8 A 45k
BB, I T DT 24 DX U7 T 5% 4 1 ) 26 3R R N 7 Y
JRE T 2%, O\ 1) % A i N A AE AR R R L
) IR 98 55 754 A T RAAIG o ir LAT T LR (g

400

. —— S11 . - SII_ . S22
200 L T e S22 600 | TN
' = 400 |
§ or E I
2 S 200
-2 . ‘o
E S E 0F"
&-400 b 7 i / \
= 5| S =\
600 ’Z/ —400 |/ I/ \
.
_800 1 1 1 1 1 1 1 _600 1 1 1 1 1 1
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35

A
(a) L1 %

S5, BRI T AR R T R (9 57
FEA , FESEBR o R SRR T BR AR AP ) R R
R B 57 FF A o

B e e PR AR AR L1 L2, S11(fifa] )
S22 (YhInl ) J5 ] BB AR L T A0 L 434, AR 3% 4%
T A5 A5 TR) 7 1] 1 B 4 1 7 i 4 BT 9 TR
L9 ] LU, A5 4% s 4% 2 A% A A 1) R
] 1) 3% 4% 7 T 78 Al R 4 ol ARARL , 347 3R B A e
SRR UK . P L1 B AR D — i gk e 1fi
P 1) B A 7 ) A e % Y iy fre R K 5] 313.37 MPa, 3
PUAHIR T, HRlaJ iR IR E] 127.67 MPa, 80 A b/
F1 5 QIR AT R 1 e KA B 494.24 MPa, R )
IR HT . L2 AR Ve — i A S , B [ Bk A0
F1e Kk 5] 695.63 MPa, BEAR e H R Fi R J7 5 9Nk
FRA IV 17 Wi it Kk B 466.05 MPa, 2 8 A FE
J1, Ki8E vhial f Kk F) 535.47 MPa, 2 FiN 11 .
3.3 EMEBE RS

AR S 1 AR I 1A B TT AR R A il A 2
B TCRABE TSR o T AR R, 28—t
HUR 7.85 g/em’, 76 TR BE SRFAG SO0 T, AT A0

800

WS
(b) L2 i

9 BRERRNNTHL L

Fig. 9 Variation curves of residual stress along each path
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Tab.7 Corrosion pit calculation data

Jg b A . ROHA EarEk b
i/h Fmm’ kg A
4 9.94 0.000 276 3
8 24.24 36 000 0.000 673 6
14 38.45 0.001 068 9
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corrosion time of 14 h
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before and after fatigue loading
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Fig. 12 Contour plots of fatigue life distribution after
corrosion for 14 h
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Tab.9 Log-linear expression for S-/V curve at m=3
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